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(54) Redundant address memory and test method therefor 

(57) A redundancy implementation circuit has a set of memory cells each storing an address bit of an address 
identifying a redundant memory location and a set of comparator circuits each connected to compare the address bit 
stored in a memory cell with an incoming address bit. A switch selectively connects the output of the memory cell to a 
redundant address line supplying the incoming address bit during a test mode. A redundant address line driver is acti- 
vated for supplying an incoming address bit onto the redundant address line in a normal mode, and a test line output 
driver is connected to the redundant address line in a test mode for utilising the redundant address line to supply test 
signals onto a test path. 

This arrangement reduces the number of wires which are requires on a memory chip. 
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Description 

This invention relates to a memory and a method of 
testing a memory. 

The invention is particularly but not exclusively con- 
cerned with flash EPROMs (electrically programmable 
read only memories) which comprise a plurality of mem- 
ory cells. These memory cells include programmable 
and erasable floating gate single transistor memory cells 
and other cells which can be programmed only once, re- 
ferred to herein as UPROM (unerasable programmable 
read only memory) cells. For implementing redundancy 
on a flash EPROM, these UPROM cells contain respec- 
tive bits identifying a redundant address. As is well 
known in the art, the bit in each UPROM cell is compared 
with a respective address bit to detect if an incoming ad- 
dress matches the address to be repaired stored in the 
UPROM cells. 

Figure 1 illustrates a redundancy implementation 
circuit according to the prior art. Figure 1 illustrates a plu- 
rality of address pads A0.A1 , A2, A3 for receiving address 
bits. The address pads AO. .. A3 are each connected to a 
line driver 4 0 ...43 for driving the address bits onto redun- 
dant address lines via an address bus 31 . Two groups 
of redundant address lines are shown in Figure 1, 
GROUP0.GROUP1 . They are denoted RALoo.RALq! 
etc. in GROUPO and RAL^RAL^ etc. in GROUP1. It 
can be seen that redundant address lines RALo 0 ,RAL 10 
share a common address line ALO connected to pad AO 
and that this also occurs for other pairs of redundant ad- 
dress lines in the groups. The redundant address lines 
are connected to respective comparators, 8a,8b,8c,8d, 
four of which are shown in Figure 1 in each group. It will 
be appreciated that there may be any different number 
of comparators depending on the number of bits in the 
address. The comparators 8a to 8d compare the address 
bits on redundant address lines RAL with the outputs 
from a corresponding plurality of memory cells 
1 0a, 1 0b, 1 0c, 1 0d. In a flash memory, these memory cells 
will normally be UPROM cells. Each UPROM cell 10a to 
10d has an output line 12a to 1 2d respectively on which 
the bit stored in that memory cell is output for comparison 
at the comparator 8a to 8d. 

The outputs of the comparators 8a to 8d in each 
group are fed to respective compare circuits 140,14, 
which generate a hit signal HIT0,HIT1 when all of the bits 
stored in the memory elements 10a to 10d match the in- 
coming bits of the redundant address. The hit signals are 
supplied on line 160,16! to decoding logic to access a 
spare element in a memory array rather than a defective 
element when the incoming address is the address of a 
defective element. 

It is clearly desirable to test the data stored in the 
memory cells 10a to 10d after they have been pro- 
grammed and before the chip is used. With the prior art 
circuit of Figure 1 this is done by examining the hit signals 
HIT0.HIT1 for a plurality of incoming addresses. Howev- 
er, to test the chip properly, it can be necessary to cycle 



through all possible addresses if the expected result is 
not attained because it is difficult to know which of the 
particular memory cells 10a to 10d is at fault without try- 
ing all possible addresses. 

5 An alternative would be to supply the outputs on line 
12a to 12d individually to a test bus for the chip. This 
would enable the output of each memory cell 1 0a to 1 0d 
to be individually examined during a test, but it prolifer- 
ates the number of wires which are required on the chip. 

10 The present invention seeks to provide a redundan- 
cy implementation circuit which can readily be tested but 
which minimises the number of connections which need 
to be routed in layout, in order to minimise the chip area. 
According to the present invention there is provided 

is a redundancy implementation circuit comprising: a mem- 
ory cell storing an address bit of an address identifying 
a redundant memory location; a comparator circuit con- 
nected to compare the address bit stored in the memory 
cell with an incoming address bit supplied on a redundant 

20 address line; a switch for selectively connecting the out- 
put of the memory cell to said redundant address line 
during a test mode; a redundant address line driver ac- 
tivated for supplying an incoming address bit onto said 
redundant address line in a normal mode; and a test line 

25 output driver connectable to said redundant address line 
in a test mode for driving signals on said redundant ad- 
dress line onto a test path when said redundant address 
line drivers are not activated. 

The test path may be a test bus or any other suitable 

30 test path. 

The provision of the switch allows the redundant ad- 
dress line to perform a dual function of supplying address 
bits or outputting stored bits for test, so that the chip area 
consumed is reduced, while nevertheless allowing the 

35 output of each memory cell to be tested individually. 

The concept of the invention can also be extended 
to include memory cells which do not store redundant 
address bits but which nevertheless store bits which are 
required to be tested. The output of these memory cells 

40 can be connected through appropriate switches to the 
redundant address lines in the same manner as the out- 
puts of memory cells containing redundant address bits. 

For a better understanding of the present invention 
and to show how the same may be carried into effect 

45 reference will now be made by way of example to the 
accompanying drawings in which :- 

Figure 1 is a circuit diagram of a known redundancy 
implementation circuit; 

so 

Figure 2 is a diagram of a redundancy implementa- 
tion circuit according to the present invention; 

Figure 3 is a transistor level diagram of one imple- 
55 mentation of a UPROM cell; 

Figure 4 is a schematic diagram of a modified stor- 
age block; and 
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Figure 5 is a more detailed schematic of one embod- 
iment of the invention. 

There follows a description of how the architecture 
in Figure 1 is modified to implement the present invention 
in its preferred form. Figure 2 illustrates the case for one 
address pad and one address line, for example Aq.ALq 
in Figure 1 . It will readily be understood that the circuitry 
is repeated for each address pad. The address pad 20 
for receiving address bits is connected to an address 
buffer 22 the output of which is connected to the redun- 
dant address line driver 24 (equivalent for example to 4 0 
in Figure 1 ). The redundant address line driver 24 is con- 
trolled by complementary READ and READ signals on 
lines 26 and 28 respectively which are set in normal op- 
eration of the chips so that the redundant address line 
driver 24 is on. The READ and READ signals on lines 
26 and 28 are also supplied to an output test line driver 
30 but with reverse semantics so that when the redun- 
dant address line driver 24 is on, the output test line driv- 
er 30 is off and vice versa It will be appreciated that there 
is a test line driver associated with each address line driv- 
er 4 0 ...4 3 . The output test line driver 30 supplies its sig- 
nals on line 32 to a test IO bus 34 which is connected to 
an output pad (not shown) in a test mode for supplying 
signals off chip. 

The redundant address line driver 24 drives the in- 
coming address bit via address line 35 and redundant 
address line 36 to the input of a comparator 38 (for ex- 
ample equivalent to 8a in Figure 1). Address line 35 is 
equivalent for example to ALq in Figure 1 . Redundant 
address line 36 is equivalent for example to RALqq or 
RAL 10 in Figure 1 . The comparator 38 receives another 
input on line 40 from a memory cell 42 (equivalent to 
memory cell 1 0a in Figure 1 ). In a flash memory chip, the 
memory cell 42 could be a UPROM cell storing a redun- 
dant address bit and having the form shown in Figure 3. 
The UPROM cell shown in Figure 3 comprises first and 
second floating gate transistors 78,80. The sources of 
the transistors 78,80 are both connected to ground. The 
gates of the transistors are connected to a UPROM 
wordline UWL, which is capable of selectively connect- 
ing the gates of the floating gate transistor cells 78,80 to 
appropriate voltages for programming. The drains of the 
transistors are connected to bit lines UBL.UBL for the 
cell. The drains of the flash transistors 78,80 are con- 
nected through switch transistors 84,86 to a pair of 
p-channel cross-coupled transistors 88,90 which coop- 
erate to remove DC current in a known manner when the 
cell is programmed. These cross-coupled transistors are 
connected in turn to a power supply voltage Vcc. The 
output 40 of the UPROM cell is taken between the tran- 
sistor 90 and a switchable transistor 86 via an inverter 
92. The gates of the switch transistors 84,86 receive an 
RCASC signal for activating the cell. During program- 
ming RCASC is low to isolate the p-channel transistors 
88,90 and transistor 82 drives the p-channel to a known 
state in response to a disable signal on line 112. 



The output of the memory cell 42 on line 40 is also 
supplied to a switch in the for m of a pa ss gate 44 which 
is controlled by READ 0 and READ0 signals on lines 
46 and 48 respectively. There is a switch 44 associated 
5 with each memory cell in each group. The switches in 
GROUP0 are all controlled by READ0.READ0 signals. 
The switches in GROUP1 are all controlled by different 
read signals READ1.READ1 to ensure that the shared 
address lines are not connected simultaneously to dif- 
10 ferent redundant address lines (e.g. RAL0 0 ,RAL 10 in the 
case of AL0). 

The circuitry including the memory cell 42, pass gate 
44 and its control lines 46,48 and comparator 38 is 
shown inside a dotted line 50. It will readily be under- 
15 stood that the circuitry denoted by the dotted line 50 re- 
places the UPROM cells 10a... 10d and comparators 
8a. .8d shown in the prior art circuit of Figure 1 . Redun- 
dant addresses are stored in the memory cells 42 and 
the outputs of the comparators 38 are fed in a normal 
20 mode of operation to compare circuits to generate hit sig- 
nals, as discussed above with reference to the prior art. 
No further discussion of the precise manner of redun- 
dancy implementation is given herein because it is well 
known to a person skilled in the art. It will readily be ap- 
25 parent however that the circuit of Figure 2 differs from 
the circuit of Figure 1 in the provision of a switch 44 as- 
sociated with each memory cell 42 and in the provision 
of an output test line driver 30 associated with each ad- 
dress line driver and connected to the shared address 
30 line 35. 

In normal operation of the memory chip, the READ 
and READ signals on line 26 and 28 are set so that the 
redundant address line drivers 24 are on. Address bits 
are supplied via the address pads 20 and address buff- 
as ers 22 to the comparators 38 and are compared with the 
outputs of the memory cells 42. When the input address- 
es match the redundant addresses stored in the memory 
cells 42, hit signals are generated by the compare cir- 
cuits. 

40 The invention provides for a special test mode. In 
this test mode, the READ and READ signals change 
state so that the redundant address line drivers 24 are 
off and the output test line drivers 30 are on. The output 
of a selected memory cell 42 can be connected to the 
45 redundant address line 36 through the pass gate 44 
which is controlled by its control lines 46,48. To select 
the memory cell 42 shown in Figure 2, the signals READ 
0 and READ 0 would be set appropriately. It will readily 
be appreciated that each switch 44 is controlled by its 
50 control lines 46,48 to selectively supply outputs from the 
memory cells onto the shared address line 35. These sig- 
nals are then supplied to the test 1 0 bus 34 via the output 
test line driver 30. This allows the output of each memory 
cell 42 to be individually tested without the need for extra 
55 routing lines on chip. 

The invention thus allows the redundant address 
lines to be shared for outputting test data in a test mode 
onto the test IO bus. The principle of the invention can 
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also be applied where the memory cells 42 are not hold- 
ing redundancy address information but are holding oth- 
er bits for controlling operation of the memory device and 
which are required to be tested. In that case, the output 
40 of the memory cell 42 is not supplied to a comparator 
such as 38 but is supplied directly to another part of the 
integrated circuit device. Figure 4 shows a modified 
block 501 where this is the case. Like parts are denoted 
by like numerals as in Figure 2, but primed. The output 
40' is similarly connected to the redundant address line 
36 for test purposes through the pass gate 44'. 

Figure 5 is a fuller schematic of the preferred em- 
bodiment of the invention implemented for GROUP0 
shown in Figure 1 . Like numerals denote like parts as in 
Figure2, with suffixes a...d corresponding to those in Fig- 
ure 1. In addition to blocks 50a.. 50d for implementing 
redundancy connected respectively to address lines 
ALQ...AL3 via redundant address lines RAL^-RAL^, 
two modified blocks 50' are shown in Figure 5 connected 
to address lines ALq and AL A respectively. Provided that 
these address lines ALq and AL A are not being used in 
normal operation of the memory or in a special test mode 
to output test data from the blocks 50a and 50b, then 
these modified blocks 50' may have their pass gates 44' 
selected to place the outputs of the memory cells within 
the modified blocks 50' onto address lines AL 0 and AL, 
for outputting through test output drivers 30a and 30b 
respectively onto the test bus 34. 

The address bus 31 and test bus 34 are shown in 
Figure 5 as 4 bits wide, but it will be clear that the inven- 
tion can be implemented for any bus width. Each address 
line driver drives the address line on the address bus and 
each test output driver drives one test line on the test bus. 

It will be appreciated that while two groups are 
shown in Figure 1, the invention can be implemented 
with any suitable number of groups, provided that no 
more than one group has access to the common address 
bus at the s ame time. This is effected through control of 
the READ0 and RE ADO signals (for Group 0) and equiv- 
alent signals for other groups. 

The present invention can be used not only to test 
chips before use but also to analyse chip failures of re- 
turned chips. It can also be used in later tests to establish 
what data has been programmed into the UPROM cells. 



Claims 

1. A redundancy implementation circuit comprising: 
a memory cell storing an address bit of an 
address identifying a redundant memory location; 

a comparator circuit connected to compare the 
address bit stored in the memory cell with an incom- 
ing address bit supplied on a redundant address 
line; 

a switch for selectively connecting the output 
of the memory cell to said redundant address line 
during a test mode; 



a redundant address line driver activated for 
supplying an incoming address bit onto said redun- 
dant address line in a normal mode; and 

a test line output driver connectable to said 
5 redundant address line in a test mode for driving sig- 
nals on said redundant address line onto a test path 
when said redundant address line drivers are not 
activated. 

io 2. A redundancy implementation circuit as claimed in 
claim 1 comprising a plurality of redundant address 
lines connected to respective address lines of an 
address bus, the circuit further comprising a plurality 
of redundant address line drivers and test line output 
is drivers associated respectively with the address 
lines, the redundant address line drivers being con- 
nected for driving incoming address bits onto said 
redundant address lines. 

20 3. A redundancy implementation circuit as claimed in 
claim 2 which comprises a plurality of said memory 
cells, each memory cell having associated therewith 
a respective comparator and a respective switch 
wherein said plurality of memory cells and corre- 

25 sponding comparator circuits and switches are 
arranged in a first group, the outputs of said compa- 
rator circuits being supplied to a hit generation circuit 
which generates a hit signal when the incoming 
address bits match an address identifying a first 

30 redundant memory location. 

4. A redundancy implementation circuit according to 
claim 3 which comprises at least one further plurality 
of memory cells and corresponding comparator cir- 

35 cuits and switches constituting at least one further 
group, the outputs of the comparator circuits in said 
at least one further group being supplied to a further 
hit generation circuit for generating a hit signal when 
incoming address bits match an address identifying 
40 a further redundant memory location. 

5. A redundancy implementation circuit according to 
claim 4 wherein each address line is connected to a 
redundant address line of each of the first and at 

4 5 least one further group, wherein the redundancy 
implementation circuit further comprises circuitry for 
controlling said switches in each group so that the 
outputs of memory cells in only one of said groups 
is connected to the address lines at one time. 

so 

6. A redundancy implementation circuit according to 
claim 3 which includes a further plurality of memory 
cells each storing respective additional bits; 

a corresponding further plurality of switches 
55 for selectively connecting the outputs of said further 
memory cells to said address lines during said test 
mode. 
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7. A redundancy implementation circuit according to 
any preceding claim implemented on a flash mem- 
ory chip, wherein said memory cells are UPROM 
cells. 

5 

8. A redundancy implementation circuit according to 
claim 1 wherein the redundant address line driver is 
connected to receive complementary control signals 
for turning it on and off and wherein said test line 
output driver is connected to receive said comple- 10 
mentary control signals but in a reverse sense so 
that when said redundant address line driver is on 

the test line output driver is off, and vice versa. 

9. A redundancy implementation circuit according to is 
claim 3 wherein the redundant address line drivers 
are connected to receive complementary control 
signals for turning them on and off and wherein said 
test line output drivers are connected to receive said 
complementary control signals but in a reverse 20 
sense so that when said redundant address line driv- 
ers are on, the test line output drivers are off, and 
vice versa. 
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